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by epimerization of reserpine in refluxing acetic anhy- 
dride, contained less than  0.01% reserpine as indicated 
by  paper  chromatography. Refluxing 3-isoreserpine ob- 
ta ined in this manner  in acetic acid for 24 h gave an equi- 
l ibr ium mixture of the C-3 epimers from which a 15% 
yield of reserpine could be obtained. The separation of 
the two alkaloids from the acetic acid equilibrium mix- 
ture was easily aeconlplished by t rea tment  with limited 
amounts of ethyl acetate at  room temperature.  3-Iso- 
reserpine is readily soluble while only moderate amounts  
of reserpine dissolve. An addit ional 5% of reserpine can 
be separated from the ethyl acetate soluble fraction by  
chromatography on a cellulose column impregnated 
with formamide using benzene-cyclohexane (1 : 1) as the 
eluting agent. Because of the stabil i ty of both reserpine 
and 3-isoreserpine in refluxing acetic acid, especially in 
the absence of oxygen, and the ease of separation of the 
two alkaloids, the unepimerized 3-isoreserpine can be 
recycled to enhance the overall conversion. The reserpine 
obtained by  this process (m. p. 265-266 °, [ a ~ - 1 1 8  ° 
(chloroform); Analysis ,  Calculated for CzaH40N~Og: C 
65-11%; H 6-62%; N 4.60%; Found:  C 65-29%; H 
6.75% ; N 4-63%) showed an identical infrared absorp- 
t ion spectrum and  identical pharmacological act ivi ty to 
natura l  reserpine. 

A 3-isoreserpine derivative has been transformed into 
a compound of the reserpine series by  a second method. 
%Ve have already reported ~ tha t  3-isoreserpic acid forms 
an O-acetyl amino acid on t rea tment  with acetic an- 
hydride and pyridine a t  room temperature,  indicating 
its reluctance to form a lactone, Reserpic acid lactone 
does not  epimerize at  C-3 and rings C, D, and E must  
thus be locked in the trans-anti-cis conformation. 3-Iso- 
reserpic acid was therefore subjected to conditions fa- 
voring acid catalyzed isomerization and subsequent  
tactonization. The epimerization equilibrium can thereby 
be displaced in the desired direction. T rea tmen t  of iso- 
reserpic acid hydrochloride (m.p. 277-279°C [dec.]; 
Analysis ,  Calculated for C2~H~sOsN ~- HC1, ~H~O; C59. 
24%; H 6 . 7 8 % ;  N6 .28%;  Found:  C59-13%; H6-85%; 
N6.28%) obtained by potassium hydroxide-methanol  
hydrolysis of methyl  isoreserpate (m.p. 220°C) 4 with 
refluxing acetic anhydride containing a small amoun t  
of acetic acid gave reserpic acid lactone (m.p. 310- 
314°C). The material  was identified by  comparison of 
melting point, mixed mel t ingpoint  and infrared spectrum 
with ~f sample of reserpic acid lactone. 6 Similarly this 
t ransformat ion could be effeefed in bet ter  yield in 
refluxing collidine containing p-toluenesulfonic acid 
and  phosphorus pentoxide. Reserpic acid tactone has 
been converted previously to reserpine in these labo- 
ratories% 
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Zusammen/assung 

Es konnte gezeigt werden, dass das Gleichgewichts- 
gemisch Reserpin/3-Isoreserpin, das beim Kochen in 
Essigs~ure erhalten wird, betrXchtliche Mengen Reserpin 

5 C. F. HU:EBNER, H. B. 3[ACPHILLAMY, E. SCHLITTLEI?., and 
A. F. ST. A~DR~, Exper. 11,303 (1955), 
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and A. F. ST. AxnR~-, Helv. chilli. Acta 37, 59 (1953). 

enth i l t .  Durch Abt rennung  der beidcn t (omponenten  
dieses Systems ist die Umwandlung  yon 3-Isoreserpin 
in Reserpin erm6gl icht  

3-Isoreserps~iure-hydrochlorid crfuhr in Acetanhydrid 
eine Isomerisafion mit  anschliessender Bitdung des 
Lactons der Reserps~ure. 

R a u w o l f i a  A l k a l o i d s  XXVI .  S t e r e o c h e m i s t r y  
at C-17 

Reserpine and deserpidine have been formulated with 
the C~17 methoxyl  trans to the groups at  C-16 and C-IS 
(~-oriented in the absolute sense) i, as best  evidenced by 
the postulated neighboring group paI~icipation of the 
C-17 methoxyI in the internal  quaternizat ion of methyl  
reserpate tosylate z. This complex reaction occurs only 
under  the comparat ively rigorous condit ions of re- 
fluxing collidine or dimethylformamide.  In  addit ion to 
the 30°/0 yield of the inner  qua te rnary  salt and a smaller 
quan t i ty  of methyl  anhydroreserpate,  at  least two other 
as yet unidentified crystalline products arc formed. 
Therefore, corroboration for the assigned configuration 
of the C-17 methoxyl  is desirable. This conf i rmat ion  
comes from two independent  lines of evidence, 

The previously reported product  obtained from 3-epi- 
~-yohimbinc in 70% yield by  the action of p-toluene- 
sulfonyl chloride in pyridine at  5 °s has been reexamined 
and found to be the qua te rnary  tosylate I. I t  is soluble 
in hot water, is neutral ,  shows the infrared absorption 
bands characteristic of the p-tosylate ion a t  1168, 1118, 
1029, and 1007 cm -~ 4, and lacks the band  in the 

2632-2500 cm - t  region indicative of a > N H ®  group. 

Since compound I must  almost certainly result from a 
concerted displacement of tosylate by N-4 with inversion 
a t  C-17, its ready formation under  mild conditions and 
in good yield establishes the trans relationship of the 
groups at  C-16 and C-17 in 3-epi-~-yohimbine. We have 
reported tha t  deserpidinol yields ~-yohimbyl alcohol on 
t rea tment  with 480/0 hydrobromic acid by demethylat ion 
at  C-17 and inversion at C-3L Since under  these condi- 
tions inversion at  C-17 during the demethylat ion is very 
unlikely, the ~=orientation of the C-17 methoxyl  in 
deserpidine is also established. 

The formation of in ternal  qua te rnary  ammonium salts 
during the tosylat ion of reserpinol and 3-isoreserpinol 
and  the conversion to their crystalline iodides, I I a  
(m.p. 345-350 ° (dec.) ~, [a]23°+ 122 ° (dimethylform- 
amide); Analysis calculated for C~HzgN~OI: C 54-98%; 
H 6.10%; N 5.83%; Found:  C 54.99%; H 6-30%; 
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N 5-93%) a n d  I l i a  (F~]~ ° -- 95 ° in  d i m e t h y l f o r m a m i d e )  s, 
r e spec t ive ly ,  h a v e  a l r e a d y  b e e n  r e p o r t e d L  A n  inspec-  
t ion  of t h e  t h r e e  d i m e n s i o n a l  fo rmulas ,  I V  a n d  V, 
c o r r e s p o n d i n g  to  I I b  a n d  I I I b  r evea l s  t h a t  t he se  s t ruc -  
t u r e s  w h i c h  l ack  t h e  C-17 m e t h o x y l  are  m i r r o r  images .  
Th i s  is t h e  r e s u l t  of a new  e l e m e n t  of s y m m e t r y  in t ro -  
duced  i n t o  t h e  molecu le  b y  t h e  q u i n u c l i d i n e  r ing  s y s t em .  
This  is m o s t  c l ea r ly  seen  b y  r o t a t i o n  of V 120 ° t o w a r d  
t he  o b s e r v e r ,  T h e  c o n t r i b u t i o n  of t h e  C-17 m e t h o x y l  to  
t h e  m o l e c u l a r  r o t a t i o n  of I I  a a n d  I I I a  m a y  b e  e s t i m a t e d  
as fol lows:  R e m e m b e r i n g  t h a t  [MID of I I b  a n d  [MID of 
I I I  b, m u s t  be  of e q u a l  m a g n i t u d e  a n d  oppos i t e  in  sign,  

c2 
IV 

mirror - . . .  . . . . . . . . . . . . . .  

C2 , 

H 

V 

t he  e q u a t i o n s  A(OCH3) in  I I a  = [M}D of I I a  - -[M]]~ 
of I I b  a n d  A(OCH~) in  I I I a =  [MID of i l i a  -- ~M]D of 
I I I b  m a y  be  so lved  for  A(OCH~) s ince t h e  m o l e c u l a r  
r o t a t i o n a l  c o n t r i b u t i o n  of t h e  C-17 m e t h o x y l  in  b o t h  
I I a  a n d  I I I a  c a n  be  a s s u m e d  to  be  s imi lar .  T h u s  
A(OCH.~) = (~ 5960 - 4560) x 0-5 = + 700. F u r t h e r ,  m a n y  
example s  d r a w n  f rom t h e  s t e r o i d s  i n d i c a t e  t h a t  t h e  s ign 
a n d  m a g n i t u d e  of r o t a t i o n a l  c o n t r i b u t i o n  of  h y d r o x y l  
and  m e t h o x y l  g r o u p s  a re  s imi lar" .  KLYNE a n d  STOKES 1° 
h a v e  p r o p o s e d  gene ra l  ru les  r e g a r d i n g  t h e  c o n t r i b u t i o n  
of h y d r o x y l  in  cycl ic  s y s t e m s  in  w h i c h  t h e  - C H O H -  
g roup ing  is f l a n k e d  o n  one  s ide  b y  - C H 2 -  a n d  on  t h e  
o t h e r  b y  

/ c  
- C H  

\ c  

S u c h  a s y s t e m  is p r e s e n t  in I I a .  I t  is a n  ~ - o r i e n t e d  
s u b s t i t u e n t  a t  C-17 w h i c h  would ,  a c c o r d i n g  t o  t h e s e  
rules ,  h a v e  a p o s i t i v e  r o t a t i o n a l  c o n t r i b u t i o n ,  

~,Vc wish to acknowledge the invalnable contributions to this 
problem made'by l)r, 1 {. I~VENKERT, Iowa State College, 

C. F. HUEBNER a n d  D. F. I)ICKEL 

Research Laboratories CIBA Pharmaceutical Products 
Inc. Summit, New Jersey, April 25, 7956. 

Zusammen[assung 

13ei de r  B e h a n d l u n g  y o n  3-epi-~-Yohimbin m i t  p-  
To luo l - su l foch lo r id  in  P y r i d i n  be i  5 ° wi rd  m i t  g rosse r  
L e i e h t i g k e i t  u n d  a u s g e z e i c h n e t e r  A u s b e u t e  e in  q u a t e r -  
n~ires T o s y l a t  e r h a l t e n .  Diese r  B e f u n d ,  z u s a m m e n  m i t  
de r  b e k a n n t e n  s t e r i s c h e n  B e z i e h u n g  zwischcn  3-epi-~- 
Y o h i m b i n  u n d  Dese rp id in ,  s t i i t z t  die A n n a h m e  de r  trans- 
K o n f i g u r a t i o n  de r  S u b s t i t u e n t e n  in  16- u n d  1 7 - S t e l l u n g  
a u c h  im Dese rp id in .  E i n  Vc rg l c i ch  dc r  o p t i s c h e n  Dre -  
h u n g e n  yon  R c s c r p i n d c r i v a t e n  s p r i c h t  ffir a n a l o g e n  
r t i uml i chen  B a u  des  K o h l c n s t o f f a t o m s  17 im R e s e r p i n .  

T h e  B i o g e n e s i s  of  t h e  M o r p h i n e  A l k a l o i d s  
and  R e l a t e d  T o p i c s  

Scvcra l  theor i e s  h a v e  b c c n  a d v a n c e d  for  t h e  f o r m a t i o n  
in  n a t u r e  of t h e  t y p i c a l  s k e l e t o n  of t h e  m o r p h i n e  al-  
kaloids .  ROBINSON a n d  SUGASAWA ~ s u g g e s t e d  t h a t  s ino-  
m e n i n c  (I) is f o r m e d  f r o m  a p r o t o s i n o m e n i n e  {II, R = H)  
b y  cyc l i s a t ion  ; t h e y  s y n t h e s i s e d  t h e  p r o t o s i n o m e n i n e  b u t  
o b t a i n e d  insu f f i c i en t  for  f u r t h e r  s t u d y .  F o r  t h e  p r o d u c -  
t i o n  of t h e b a i n e  ( I I I )  ROmNSON 1 s u g g e s t e d  c losure  of 
t h e  4: 5-oxide b r i d g e  b y  t h e  d e h y d r a t i o n  of a 4 : 5 - d i -  
h y d r o x y - c o m p o u n d .  T h e  n e c e s s a r y  i n t e r m e d i a t e  for  t h i s  
(IV) would ,  howeve r ,  h a v e  to  b e  p r o d u c e d  b y  t h e  cycl i -  
s a t i on  of a n  o d d t y  s u b s t i t u t e d  isoquinoline, a n d  t h e  sug-  
ges t ion  was  a c c o r d i n g l y  m a d e  1 t h a t  b a s e  (V) ( o b t a i n e d  
f rom t h e  s a m e  i n t e r m e d i a t e s  as p r o t o s i n o m e n i n e  b y  
c losure  of t h e  isoquinoline r ing  ortho i n s t e a d  oI para t o  
t h e  h y d r o x y l  g roup)  cycl ises  to  (VI),  w h i c h  t h e n  u n d e r -  
goes r eve r sa l  of t h e  s u b s t i t u e n t s  a t  CtH) a n d  C(131 g i v i n g  
t he  base  (IV).  

More  r e c e n t l y  SCH6PI: ,  o n  t h e  bas i s  of t h e  p r e s u m e d  
o x i d a t i o n  of p -c reso l  to  t h e  k e t o n e  (VII )  3, s u g g e s t e d  
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